SUMMARY Loperamide is a well-established antidiarrhoeal agent with effects on gastrointestinal motility. We have now shown that the drug influences ion transport. In isolated rabbit ileal mucosa loperamide caused a dose-related fall in potential difference and short-circuit current and reduced the serosa to mucosa flux of chloride. The electrical effects were inhibited by naloxone (106M) suggesting that they were mediated by opiate receptors. Loperamide (10-6M) inhibited secretion provoked by heat stable and heat labile E. coli toxins and by prostaglandin E2. We conclude that loperamide is able to inhibit secretion mediated by cAMP or cGMP, and that this may be relevant to its antidiarrhoeal properties. 
The antidiarrhoeal activity of opiates has long been thought to depend on their ability to influence intestinal motility. The recent demonstration, however, that morphine and certain enkephalins can influence ion transport across intestinal epithelium has prompted a re-examination of this hypothesis. Morphine enhances absorption of chloride across isolated rabbit ileal mucosal and inhibits secretion provoked by a variety of secretagogues,2 so that this antisecretory activity may be at least partly responsible for the antidiarrhoeal effect.
The commonly used antidiarrhoeal drug loperamide is an opiate derivative, which does not have central nervous system effects.3 Like morphine it has been thought to exert its actions through effects on intestinal motility4 but we demonstrate here that it also has antisecretory effects in isolated rabbit ileum.
Methods
Details of the methods used have been described previously5 but, briefly, male New Zealand white rabbits (2 to 4 kg) were killed by air embolus and the distal ileum rapidly removed 10-7 and 10-6M on the serosal side significantly reduced potential difference and short-circuit current (p<001) (Fig. 1 ) but left tissue resistance unchanged. The reduction at 10-8M was not statistically significant (p 0.15). Loperamide 10-6M had no effect when added to the mucosal side (Fig. 2) . Pretreatment with naloxone 10-6M, inhibited the fall in potential difference and short-circuit current induced by serosal loperamide 10-6M (p<0.02) (Fig. 2) , suggesting that loperamide exerted these electrical effects via opiate receptors.
RA.DIO-ISOTOPE FLUXES
Loperamide 10-6M reduced the serosa to mucosa chloride flux but had no significant effect on net chloride movement (p 0.5). Short-circuit current was reduced but residual ion flux was unchanged (Table 1) .
INFLUENCE OF LOPERAMIDE ON INTESTINAL SECRETION
Prostaglandin E2 (PGE2) Serosally applied PGE2 (10-5M) increased potential difference, short-circuit current (p<0.001), and tissue resistance (p<0.01), the peak response occurring within 10 minutes. Simultaneous addition of loperamide 10-6M did not influence the electrical response to PGE2. PGE2 decreased net sodium absorption by decreasing the mucosa to serosa sodium flux and induced net chloride secretion by increasing the serosa to mucosa chloride flux (Table 2) . Shortcircuit current and residual ion flux were both increased. Loperamide (10-6M), added with PGE2 (10-5M), reduced the fall in net sodium absorption and prevented net chloride secretion and the rises in short-circuit current and residual ion flux induced by PGE2 (Table 2) . Unidirectional flux determinations 110 to 130 minutes after toxin addition showed a reduced net simultaneously did not modify the electrical response to the toxin. The control medium had no effect on sodium or chloride fluxes but the toxin solution decreased net sodium absorption by reducing the mucosa to serosa and increasing the serosa to mucosa sodium fluxes, although neither of the unidirectional flux changes were individually significant. The toxin almost abolished net chloride absorption because of an increase in serosa to mucosa chloride flux. Simultaneous addition of loperamide (10-6M) to the serosal side prevented the changes in chloride transport induced by the toxin on the mucosal side but sodium absorption was still reduced (Table 4) . Fluxes in ,umol (gEq)/cm2/h. + = net absorption. -= net secretion. ms = mucosa to serosa flux. sm = serosa to mucosa flux. Isc = short-circuit current. JRNet = residual ion flux.
***p<0.01. **p<0-02. *p<OOS.
The toxin caused an increase in short-circuit current but not residual ion flux, whereas toxin and loperamide together caused an increase in both short-circuit current and residual ion flux ( 
